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TH™0 M ™^ T M C0MP ° NENT AND AN ELE ™ON,C 
5 Field of the inventing 

The invention relates to a method for manufacturing an electronic thin- 
!nT Z Ttk aCCOrdln9 t0 ^ Preamb,e of the a PP^ed independ- 
the meld IT? 0 " ah ° ^ * an apparatus dementing 

LZ! 1 9 t0 ^ Preamb ' e ° f the ap P ended c,a ™ 15- Fur 
thermore. the ,nvent,on relates to an electronic thin-film component 

according to the appended independent claim 24. 

Background of the inwnfinn 

The use of printed circuit boards as interconnecting boards for various 
electric components is well known from prior art. Individual compo- 
nent*; such as semiconductors, resistors or capacitors are mounted on 
the circuit board typically by soldering, wherein said components 

TL Tn *T Unl " ° r C ° ndUCtive P aftem <* the circuit 

for^L^r y 0rm (l an e,eCtnCa,,y ° Peratlng entit * sald components 
forming an electncally operating entity together with the uni- or multi- 
planar conductive pattern of the printed circuit board. 

There are several known ways to manufacture conductive patterns of 
pnnted circuit boards. One generally used way is etching, in which 
areas other than those protected by a so-called resist are removed 
from a metal layer formed on top of an insulating substrate material by 
etching. Typically, a photosensitive material is used as a resist 
wherein the resist is patterned by photolitography before etching in a 
manner corresponding to the conductive patterns. 

The conductive patterns may be produced also on an. insulating sub- 
strate material by means of various electrolytic coating methods (elec- 
troplating) or by printing the conductive material in a suitable for 
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example paste-like form on the desired locations on the surface of the 
substrate material. 

Patent No. US 4,356,627 discloses a method for producing a conduc- 
5 tive pattern that is also based on stamping. According to the teachings 
of said publication, the metal layer (Cu) laminated on top of an insulat- 
ing layer (ABS, acetate, polyphenylene sulfone, polyether sulfone, 
polysulfone) is formed by using a stamping die in such a manner that 
by a stable deformation produced on the insulating layer, conductive 
10 patterns are separated from the metal layer into two different levels, 
said conductive patterns being electrically separated from each other. 
Electrical components may further be mounted to these conductive 
patterns soldering in a conventional way by soldering. 

15 The aim to implement even smaller structural details in electronic 
devices requires also reducing the dimensions of the conductive pat- 
terns on circuit boards functioning as coupling substrates. This, in turn, 
complicates the mounting of electric components on circuit boards, 
because the positioning of the components and the soldering technique 

20 required for the electrical contacts become more challenging. Further- 
more, especially the rapid development of computer and telecommuni- 
cations technology has evoked an ever increasing need to develop 
cheaper solutions for the production of various electronic devices, 
especially pixel displays. 

25 

The development of the manufacturing technology of electronic devices 
has resulted in solutions, in which electrode structures of smaller scale 
and with larger amount of details are formed on a suitable substrate 
material instead of using separate printed circuit boards, on top of 

30 which electrode structures the required electrically active and other 
layers are formed directly, wherein said electrode structures remain as 
parts of these components, and it is possible to eliminate steps related 
to the mounting of the components on a coupling substrate or the like 
separately. The active and other layers of the components imple- 

35 mented in connection with the electrode patterns may be formed for 
example by means of various deposition, coating or pnnting 
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techniques. Thus, it can be considered that these solutions typically 
based on thin films are in a way between conventional printed circuit 
boards and integrated circuits having a very high degree of integration. 
The materials used in these solutions also typically deviate to some 
5 extent from silicon-based semiconductors used in conventional inte- 
grated circuits. At present the focus of interest especially on organic 
electroluminescent materials (polymers), which have interesting uses 
especially in optical components. 

10 The line widths of conductive patterns used in circuit boards are typi- 
cally in the order of > 100 jim, even up to several millimeters. The line 
widths used in integrated circuits, in turn, are typically In the order of 
100 nm at present. The present invention relates to electrode patterns 
utilizing line widths which primarily fall between the aforementioned 

15 values, typically in the range of 1 to 50 \im. 

Patent publication US 2002/0094594 discloses a solution for manu- 
facturing organic light-emitting structures, so- called OLEDs (Organic 
Light Emitting Diodes). In principle, OLED structures comprise one or 
20 several layers of active material formed between two opposite elec- 
trode layers, an anode an a cathode. In addition to these, this structure 
based on superimposed films or layers may contain separate insulating 
layers or the like, when required. 

25 According to said US publication an insulating substrate (of glass or 
plastic) is coated with an organic layer, on top of which organic layer an 
upper conductive electrode layer (of metal or indium tin oxide, ITO) is 
formed. This upper electrode layer is patterned according to said publi- 
cation by means of die-cutting, in which the die-cutter used as a 

30 machining member is preferably coated in such a manner that when it 
is lifted up from the upper electrode layer, it at the same time removes 
a portion of the conductive material of the electrode layer. According to 
the publication, it is, when required, possible to implement a patterned 
lower electrode layer underneath said organic layer, directly on top of 

35 the insulating substrate by means of other techniques of prior art (see 
page 2 of the publication, first paragraph, reference numeral [0030]). 
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Thus, the publication 2002/0094594 teaches an act of forming an 
electrode pattern by means of die-cutting on an upper electrode layer 
produced on top of an organic layer, from which it is relatively easy to 
5 remove conductive material by means of a die-cutter, thanks to the 
relatively low adhesion between the upper electrode layer and the 
organic layer. On the other hand, when the upper electrode layer is 
patterned mechanically in this way, one should be careful not to dam- 
age the sensitive lower organic layer. However, it can be considered 

10 that even when used in this way, the patterning based on mechanical 
die-cutting has certain advantages for example when compared to 
chemical methods, because chemical methods may damage the sensi- 
tive lower organic layers. In certain applications the method based on 
die-cutting is also a fast and thus an advantageous way of implement- 

1 5 ing the patterning of the upper electrode. 

However, in many cases it is possible to show that in mass production 
of electronic devices, particularly the production of the first electrode 
pattern formed on top of the insulating substrate has a crucial role in 

20 view of manufacturing costs and efficiency. This lowermost electrode 
pattern largely determines the nature of the components that can be 
implemented thereon for example by growing organic material layers. 
If it is possible to implement the patterning of the first electrode layer 
with good accuracy and for instance with sufficiently small line widths, 

25 this reduces the requirements set for the active layers formed on top of 
said electrode layer and for other upper electrode layers, and allows 
more degrees of freedom in the selection of the manufacturing proc- 
esses of these layers. 

30 Brief description and most significant advantag es of the invention 

■ 

The main purpose of the present invention is thus to pay more attention 
than before to, and to offer new solutions for, the patterning of the so- 
called lowermost electrode layer implemented directly on top of the 
35 insulating substrate before the active layers, in thin-film components 
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and other electrical components implemented in a layered manner on 
the surface of an insulating substrate. 

To attain these purposes, the method according to the invention for 
5 manufacturing a thin-film component is primarily characterized in what 
is presented in the characterizing part of the appended independent 
claim 1. The apparatus according to the invention, in turn, is primarily 
characterized in what will be presented in the characterizing part of the 
appended independent claim 1 5. The thin-film component according to 
1 0 the invention is primarily characterized in what will be presented in the 
characterizing part of the appended independent claim 24. The other, 
dependent claims will present some advantageous embodiments of the 
invention. 

15 It can be said that the central idea of the invention is that an electrode 
pattern is formed on the lowermost conductive layer arranged on the 
surface of an insulating substrate functioning as a substrate material by 
means of a machining operation based on die-cutting, i.e. so-called 
die-cut embossing, in which the relief of the machining member 

20 embosses areas from the conductive layer into electrode areas gal- 
vanically separated from each other. In the embossing according to the 
invention the aim is not to remove material from the lowermost conduc- 
tive layer, but the electrode areas are galvanically separated from each 
other by producing a permanent deformation in the substrate by per- 

25 forming the embossing in process conditions suitable for this purpose, 
and by means of a machining member suitable for this purpose. These 
process conditions, such as the temperature of the substrate vary to a 
certain extent depending on the substrate and conducting materials, 
and the dimensions of the patterns produced thereon by embossing. 

30 

In one embodiment of the invention, the lowermost conductive layer 
arranged on the substrate is machined by embossing in such a manner 
that electrode areas are formed on several different levels, which levels 
have different positions in a direction perpendicular to the plane of the 
35 substrate (thickness of the substrate), i.e. in a vertical direction. By 
utilizing, in this way, said vertical distance in addition to the distance in 
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the direction of the plane of the substrate, i.e. the horizontal distance, it 
is possible to increase the density of the electrode pattern considera- 
bly, which is a significant advantage in certain applications, the manu- 
facturing of OFET- transistors (Organic Field Effect Transistor) having 

5 a very short channel length or the manufacturing of pixel displays are 
examples of such applications. Also in components other than those 
mentioned above, it is possible to attain considerable advantages by 
means of the invention by defining the vertical dimension of the upper 
passive or active layers formed on top of the lowermost conductive 

10 layer of the component by means of an embossing action exerted on 
said lowermost conductive layer. 

According to a preferred embodiment of the invention, the insulating 
substrate material is coated with the lowermost conductive layer in a 

15 vacuum or low pressure process, and in addition to this at least the 
electrode pattern of the lowermost conductive layer is implemented by 
means of embossing in connection with the same vacuum process and 
preferably substantially in the same process conditions. Preferably, 
said coating and embossing stages are conducted in a roll-to-roll proc- 

20 ess, which enables a manufacturing process that is considerably faster, 
simpler and better suited for mass production than solutions of prior art. 
In connection with the same process, and preferably again as a roll-to- 
roll process, it is also possible to implement the formation of other pas- 
sive or the actual active layers of the product, as well as formation of 

25 other upper electrode layers. The formation of said layers may be 
implemented in a manner best suitable for each application in question, 
as will be described in more detail hereinafter. It is also possible that 
one or several upper passive or active layers of the component are 
formed simultaneously by means of an embossing action directed to 

30 the lowermost conductive layer. One example of this is the simultane- 
ous embossing of the lowermost conductive layer and the insulating 
layer formed thereon. 

By means of the invention, it is thus possible to implement for example 
35 only the coating of the substrate with a conductive electrode layer or 
the patterning of said layer by embossing substantially in one single 
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vacuum or low pressure process. Thereafter the product located for 
example on a roll may be transferred to the subsequent processes, 
and, if required, to different conditions for the implementation of the 
required layers. On the other hand, by means of the invention, it is in 
5 certain embodiments possible to implement all electrode layers, active 
layers and protective layers required by the operating electronic device 
substantially in one and the same process. It is obvious that the larger 
number of layers it is possible to implement in connection with the 
same process, the smaller number of additional steps (transfer, clean- 
10 ing, pre-processing, alignment) are required, and at the same time the 
risk of contaminating the process is reduced. 

To understand the broader significance of the present invention, it is 
essential to notice the aspect that, according to the understanding of 
15 the applicant, the invention for the first time makes it possible in the 
same process (typically vacuum process) to first grow a conductive 
layer on a substrate, which layer is necessary for the electrode struc- 
ture and which layer is then immediately patterned by means of 
embossing in connection with the same process. The methods of prior 
art for forming patterned electrode structures, such as photolitho- 
graphy, wet etching and dry etching processes following the same, or 
different solutions based on anti-stick lubricants or on printable con- 
ductor materials are problematic, because the substances used therein 
typically cause contamination in the processes, wherein it is, in prac- 
tise, not possible to combine the processing of several (preceding or 
succeeding) layers in the same process. 

Another significant advantage attained by means of the invention is 
that the line widths of the electrode structures attained by means of 
embossing according to the invention are narrower than those attained 
in growing/patterning by means of prior art shadow mask technique. At 
the same time the processing time required in patterning is also con- 
siderably shorter. By means of the well-known prior art photolithogra- 
phy patterning, it is possible to attain sufficient resolution as such, but it 
involves the drawback that the complexity of the process (separate 
exposure and etching) cause extensive costs. Furthermore, the 
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electrode pattern produced according to the invention by means of 
embossing is also well suited for roll-to-roll type continuous manufac- 
turing processes, for which for example the shadow mask technique 
that requires repeated alignments and cleaning actions is poorly 
5 suited. By means of known techniques it is also difficult or even com- 
pletely impossible to combine several process steps, such as growing 
and patterning of the conductive layer, to be implemented in the same 
process. 

10 In connection with the method according to the invention, it is possible 
to use for example plastics, such as polyester (PET), polyimide (PI), 
polystyrene (PS) or polycarbonate (PC) as substrate materials. Also 
other insulating substrate materials may be used, to which materials it 
is possible to produce a permanent deformation by embossing in suit- 

15 able conditions. Thus, the substrate material may be for example a 
laminate formed of plastic or glass, in which the glass layer preferably 
functions as a background layer on top of which the plastic layer suit- 
able for embossing is laminated. The substrate material may also be 
paper, paperboard or a corresponding material, on top of which the 

20 conductive layer required in electrode structures may be formed for 
example as a thin metal film. 

As a conductive material required for the electrode structures, it is pos- 
sible to use for example transparent semiconductor oxides (for exam- 

25 pie ITO) metals (for example Al, Au, Ag or Cu) or conducting polymers 
(for example PEDOTPSS, poly(3,4-ethylenedioxythiophene): 
poly(styrenesulfonate). In certain applications, the conductor material 
may also be metal or carbon particle ink. The continuous conductive 
layer composed of these materials may be formed by means of any 

30 known method of prior art before the patterning of the conductive layer 
by embossing according to the present invention. 

The components manufactured by means of the method according to 
the invention may include for example OLED components, OFET com- 
35 ponents or photocell components. The invention is especially suitable 
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for the manufacture of various light sources based on luminescence or 
for the manufacture of passive or active display structures. 

The advantages provided by the invention relating to the speed and 
simple structure of the manufacturing process become apparent best 
when components having a large surface area, such as photocells are 
manufactured. The invention also enables the simultaneous manufac- 
turing of electrode structures having a narrow line width, on a large 
surface area, which, in practice, has not been possible by means of 
prior art methods so far. As a result, the invention makes it possible to 
attain significant savings in costs and increases in manufacturing effi- 
ciency in various different applications. 

The implementation of line widths narrow enough and electrode struc- 
tures of good quality by embossing requires suitable process condi- 
tions and especially also suitable properties of the machining member, 
such as a pressing block or plate used in the embossing. 

Because a certain permanent deformation is implemented in the sub- 
strate material in the embossing process according to the invention, the 
embossing of for example plastics takes preferably place at tempera- 
tures that are close to the so-called glass transition temperature of 
plastic (depending on the material approximately 70°C). At said tem- 
perature, in a so-called glass transition point the properties of plastic 
change from a glassy state to a more rubbery state. The heating for 
the embossing purpose is advantageous also for other kinds of sub- 
strates than plastic substrates. 

As to the pressing plate arranged around the pressing block functioning 
as a machining member, or in roll-to-roll processes around a reel or the 
like, an advantageous structure is such in which "side walls" substan- 
tially vertical to the plane of the surface are used in the relief to attain 
the necessary variations in height, and to form sharp edges that cut 
well the conductive layer . This vertical character of the side walls sig- 
nificantly facilitates the cutting of the contact between the different con- 
ductive areas of the conductive layer into separate electrode patterns, 
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and material from the target is not likely to adhere on the surface of the 
machining member. Furthermore, the aforementioned shape of the 
relief is advantageous when the aim is to utilize the surface area of the 
substrate as efficiently as possible and to attain narrow line widths at 
the same time. When the cutting edges of the relief are sharp enough, 
the side walls may be slightly inclined without significantly impairing the 
patterning result in the embossing. 

Brief description of the drawings 



The invention and its fundamental properties as well as the advantages 
to be attained by means of the invention will become more evident for 
the person skilled in the art from the following description in which the 
invention will be described in more detail by means of a few selected 
15 examples, at the same time referring to the appended drawings, in 
which 

Fig. 1 shows, in principle, a diagram of a roll-to-roll process 

according to the invention, in which the insulating sub- 
20 strate is vacuum coated with a conductive layer, and the 

conductive layer is thereafter embossed in connection 
with the same vacuum process, 

Figs. 2a to 2f show a way of producing a pressing block used in 
25 embossing according to the invention, 

Fig. 2g shows in principle the copying of a relief into a pressing 

plate having a large surface area, 

30 Fig. 3 is an example of a SEM image showing the surface pro- 

file of a pressing block suitable for embossing according 
to the invention, 

Fig. 4 is an example of a SEM image showing an ITO/PET 

35 layer structure embossed by means of a pressing block 

according to Fig. 3, 
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Figs 5a and 5b show, in principle, side and top views of a pixel 

display based on OLED components implemented 
according to prior art, 

Fig. 6 shows, in principle, a top-view of an OLED pixel display 

implemented according to the invention, 

Fig. 7 is an example of a SEM image showing a prior art OFET 

transistor which comprises finger-like and overlapping 
Source and Drain electrodes, 

Fig. 8 shows, in principle, a cross-sectional view of a channel 

structure of an OFET transistor, 

Fig. 9 shows, in principle, a cross-sectional of view an elec- 

trode structure separated from a conductive layer on top 
of an insulating substrate by means of embossing 
according to the invention, 

Fig. 10 shows, in principle, a cross-sectional view of an OFET 

structure implemented on top of the electrode structure 
according to Fig. 9, 

25 Fig. 11 shows, in principle, a cross-sectional view of a second 

OFET structure implemented on top of the electrode 
structure according to Fig. 9, and 

Fig. 12 shows, in principle, a cross-sectional view of a third 

OFET structure implemented on top of the electrode 
structure according to Fig. 9. 

More detailed de scription of the invention 

35 Fig. 1 shows, in principle, a roll-to-roll process, in which a plastic func- 
tioning as a substrate is first vacuum coated with a conductive layer, 
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and thereafter an electrode pattern is formed in said conductive layer 
by embossing in connection with the same vacuum process by means 
of a pressing plate arranged around a reel or the like. The tests con- 
ducted by the applicant have shown that by means of embossing it is 
5 possible to manufacture very narrow line structures in the order of 1 to 
50 urn in width on a vacuum coated plastic substrate. 

Fig. 1 shows, in principle, that both the vacuum coating and the 
embossing are arranged to take place in the same chamber. This is 

10 not, however, the only possible embodiment of the invention, but in 
view of mass production the central aspect is primarily that it is possi- 
ble to convey the substrate from one roll to another in one single run 
without having to move the rolls/substrate into different processing 
devices every now and then. Thus, it is possible to avoid the need to 

15 pump down the pressure of the process repeatedly, which is known to 
be a time-consuming task. Thus, it is also possible to use several dif- 
ferent chambers in the arrangement according to Fig. 1 , substantially 
the same pressure conditions prevailing in all of them. 

20 Manufacture of a pressing block or plate 

The pressing block suitable for embossing is typically a nickel pressing 
plate/block that may be manufactured for example by lithographical 
methods which are known from other contexts of prior art. The most 
25 important manufacturing techniques of a pressing plate include direct 
resist lithography or a combination of the resist lithography and dry 
etching technique. 

Figs. 2a to 2f present, in principle, the process stages where the 
30 desired relief of the surface structure is formed on the pressing block 
required for embossing by performing the patterning of the resist layer, 
in this case by using an electron beam. It should be noticed that the 
invention is not limited solely to the use of electron beam embossing, 
but it is possible to use for example a laser beam in the patterning. 
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Fig. 2a presents, in principle, the coating of a substrate material 20 
(glass, quartz, silicon, etc.) with a resist layer 21 and a conductive layer 
22 required for electron beam embossing. The purpose of said con- 
ductive layer 22 is to transmit away an electric charge produced by the 

5 electron beam used in the embossing. Fig. 2c shows the development 
of the resist layer 21, as a consequence of which a part of the resist 
layer may be selectively removed, in which case the so-called master 
element remains. In Fig. 2d, a conductive layer 23 is evaporated onto 
this master element, on top of which is further grown a nickel pressing 

3 block 24 in Fig. 2e. In Fig. 2f, the nickel pressing block is presented as 
removed from the master element of Fig. 2c. 

Furthermore, another alternative method to produce a relief is to utilize 
a resist structure according to Fig. 2c, on top of which a metal (Cu, Al 
i or the like) or a dielectric layer (Si0 2 ) functioning as mask material in 
the dry etching process is evaporated, wherein a structure according to 
Fig. 2d is attained. By placing said structure in a solvent dissolving the 
resist, it is possible to remove the resist patterns, and the remaining 
metal or dielectric material is left on top of the substrate in the pat- 
terned locations. Thereafter the substrate is placed in a separate 
plasma chamber into a dry etching process, in which the substrate and 
the mask material are eroded by means of a directed gas plasma in a 
direction vertical to the plane of the substrate. As a result of this, the 
patterns produced by the mask material are transferred to the sub- 
strate. The pressing block 24 is grown from the patterned substrate by 
first coating a conductive layer 23 on top of the structure and by elec- 
trolyWcally growing the pressing block thereon. In addition to the meth- 
ods above, there are several other alternative lithography methods 
known as such and their different combinations for the formation of 
patterns on a nickel pressing block. 

In view of the present invention, an essential aspect in producing a 
master element necessary in the manufacture of the pressing block is 
that the method is capable of replicating certain properties of the 
pressing block, of which the most important ones include the vertical 
orientation of the walls of the relief, and the quality of the edges of the 
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relief Thus, the manufacturing method should be selected so that it is 
optimal for each separate pattern geometry. Direct laser lithography 
may be used for line widths of >1 ,5 urn and line widths smaller than 
this are typically produced by means of an electron beam. Another 

5 essential aspect in view of the invention is the depth of the lines in the 
relief It is known that for example the line width of 25 urn and depth 50 
um can be produced with a nearly vertical wall by optimizing the expo- 
sure and development process of the resists accurately. However, in 
most cases it is easier to use the above-described dry etching process 

10 by means of which it is possible to produce nearly completely vertical 
walls. 

The nickel pressing block 24 of Fig. 2f can be used for embossing as 
such, or additional pressing blocks may be grown from it by repeating 
15 the process step according to Fig. 2e. 

By using the above-mentioned lithographic methods, it is possible to 
produce pattern areas, whose surface areas are with modern produc- 
tion techniques < 8" x 8". Larger areas are produced with a recom- 
20 bining method shown in principle in Fig. 2g, where the individual 
pressing block 24 produced with the above-presented methods is cop- 
ied with hot embossing or molding methods on a larger substrate by 
copying the structure onto the surface of the substrate in the xy direc- 
tions defined by its plane. 

25 

In copying by hot embossing, the nickel pressing block 24 produced in 
the afore-mentioned way is positioned onto a metal supporting plate of 
the size of the pressing block in question, and with it, the pattern is 
pressed on an appropriate plastic material, for example on PMMA 
30 material (polymethylmethacrylate), with the hot embossing process. 
By repeating the process several times and at different places of the 
plastic material, a new master element comprising a larger surface 
area may thus be produced, from which a pressing block/pressing .plate 
comprising a larger area is electrolytically grown. 
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It is also possible to perform the combining process by spreading liquid 
polymer material onto a plastic, glass or quartz substrate comprising a 
larger surface area, to which material the pattern of the nickel pressing 
block 24 is pressed. By hardening the polymer locally (for example by 
5 heating, with UV light or by using an adequate hardening time), the 
pattern structure may be produced in said place on top of the sub- 
strate. By repeating the process at several different points, a master 
element having a larger surface area may again be formed, and a 
pressing plate suitable to be placed around a roll or the like may further 
1 0 be grown from the same. 

Fig. 3 shows a scanning electron microscopy (SEM) image of the sur- 
face profile of a pressing plate suitable for embossing according to the 
invention. The area in the middle of Fig. 3 is on a 25 urn higher level 
5 than the area on the edges. It can be seen that the relief of the press- 
ing block thus has substantially vertical walls and sharp cutting edges. 
The depth of the profile when embossing for example an ITO/PET 
structure is preferably in the order of 1 to 25 *im and the line width is in 
the order of 1 pm at its narrowest. The selection of the depth of the 
profile as well as the narrowest possible line width vary depending on 
the conductive layer to be embossed and the material of the substrate 
underneath the same. 

Fig 4 shows a SEM image of an ITO/PET layer structure embossed by 
means of a pressing plate according to Fig. 3 at a temperature of 20°C. 
Fig. 4 shows that the structures have been pressed into two different 
levels. The area in the middle of the figure is on a 15 urn lower level 
than the dark areas on the edges, wherein said pressing has cut the 
ITO conductive layer of 100 nm in thickness on top of the PET plastic 
substrate. It can be seen that, when compared to the structure of the 
pressing plate according to Fig. 3, the dimensions of the pattern formed 
in the conductive layer are equal in width and the cutting edge is even. 
The roughness of the cutting edge is below 2 urn. 

* 

In the embossing according to the invention, it is preferably possible to 
use PET as the substrate material, but other possible materials are PI, 
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PS and PC. Of these materials at least PET can be readily obtained on 
a roll, wherein it is easy to use it in a roll-to-roll process. 

For example in OLED components or other optical components, it is 
5 possible to use transparent semiconductor oxides, typically ITO as the 
material of the lowermost electrode structure (anode) formed on top of 
the substrate. The resistance value of ITO is typically few tens of ohms 
per square in film thicknesses of several tens of hundreds of nano- 
meters, and in the area of visible light its transmission is typically > 
10 75%. It is possible to coat the PET film with an ITO film by means of 
vacuum growing methods known as such, and between the PET and 
ITO layers it is possible to use for example a thin silicon dioxide layer 
(Si0 2 ), which functions as an adhesive layer between said layers. It is 
also possible to use other protective layers between the afore- 
1 5 mentioned layers. 

Even though the invention is primarily intended for patterning by means 
of embossing of the lowermost electrode layer formed on top of a sub- 
strate, it is naturally possible to implement embossing also in the pat- 

20 terning of the other upper electrode layers for example in the way dis- 
closed in the patent publication US 2002/0094594. When the upper 
conductive layers of a multilayer structure are patterned by means of 
embossing, it is possible to use a suitable protective layer underneath 
the layer to be patterned, the deformation according to the invention 

25 being produced in said protective layer, thus enabling the breaking of 
contacts for the part of the layer to be patterned. 

In an embodiment of the invention it is possible to coat the plastic sub- 
strate in connection with the same roll-to-roll process first by sputtenng 

30 in a vacuum a substantially uniform ITO layer having a thickness of for 
example 100 nm. Thereafter said ITO layer is patterned by means of 
embossing according to the invention to form an anode electrode. One 
or more layers of organic material are formed on top of the anode 
electrode by means of thermal vacuum evaporation. The thickness of 

35 these layers may be for example 50 to 200 nm. Further, a metal (for 
example Mg, Ag or Al) cathode electrode is formed on top of the 
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organic layers. The cathode electrode may be patterned either by 
means of embossing or by another prior art method. When the lines of 
the cathode electrode are formed in perpendicular to the lines of the 
anode electrode, it is possible to control the pixels formed in the 
5 crossing of said lines, one at a time, thus forming for example an OLED 
pixel display. In the final processing of the component, the structure is 
protected with the necessary protective layers etc., and, if required, it is 
cut and wired to form finished components. 

10 As to the conductive layers to be patterned, priority is given in this 
invention to semiconductor oxides, such as ITO. Said materials form a 
glass-like layer on the substrate, which may be cut by means of 
embossing according to the invention, said cutting being based on the 
permanent deformation produced in the substrate material underneath. 

15 However, the invention is not restricted solely to electrode layers made 
of semiconductor oxides, but it is also possible to use metals (such as 
Al, Au, Ag, Cu) or polymer (such as PEDOT, PSS) as electrode mate- 
rials in such embodiments where an optical transparency of the elec- 
trode layer is not required. 

20 

The line widths required in the electrode patterns are in each case 
determined according to the embodiment to be manufactured. By 
means of the embossing according to the invention it is for example in 
the ITO layer possible to attain line widths in the order of 1 pm 

25 

When the substrate material is plastic, the embossing takes place in 
temperatures that slightly exceed the glass transition temperature of 
plastic, in which temperature, at the so-called glass transition point, the 
properties of plastic are changed from a glassy state to a rubbery state. 

30 However, in these temperatures the ITO layer on top of the plastic sub- 
strate is not softened, which is a prerequisite for reliable cutting of said 
layer along accurately defined lines by embossing. Suitable tempera- 
ture of the substrate in which the substrate is in such a state in which a 
permanent deformation is attained by embossing, may be arranged 

35 either by pre-heating the substrate before embossing and/or using a 
heated pressing block or plate for the embossing. It is an advantage of 
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the heated machining member that thus the heating is temporarily 
directed only to the part of the substrate to be machined, and it is not 
necessary to heat the entire substrate material. 

5 As was mentioned above, the pressing block or plate is preferably 
manufactured to have a nickel surface. It is a challenging task to pro- 
duce a relief with as straight walls and sharp cutting edges as possible, 
but it may be attained for example by means of the above-described 
technique based on electron beam patterning and dry etching. It is also 

10 advantageous to manufacture the pressing block for example in silicon 
by etching the material in the direction of the crystal. 

In the following, the invention will be described in more detail by using 
the manufacture of OLEDs and OFETs as specific examples. These 
15 examples clearly show for anyone skilled in the art, among other 
things, how it is possible to efficiently utilize the vertical direction of the 
substrate and the conductive layer in the embossing. 



Manufacture of a pixel display based on OLED components 

20 

The use of OLED components in various display embodiments is in the 
focus of interest at present, because they offer the possibility to manu- 
facture display components at lower costs when compared to conven- 
tional pixel displays. According to the understanding of the applicant, 

25 the present invention makes it possible to manufacture pixel displays in 
a simpler manner and even with lower costs when compared to prior 
art methods. Furthermore, by means of the invention it is possible to 
implement a better pixel resolution in displays by utilizing the vertical 
distance of the adjacent electrodes in addition to the horizontal dis- 

30 tance more efficiently than in prior art. 

Figs 5a and 5b show in principle a pixel display based on OLED com- 
ponents as it is manufactured according to prior art. The pixels of the 
display are formed in the intersection between crossing stripe-like 
35 electrodes (typically lower anode and upper cathode). Generally, it can 
be considered that both crossing electrodes of the OLED pixel must be 
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patterned to have a width less than 100 //m, so that a display with 
sufficiently high resolution can be attained. By means of a prior art 
shadow mask it is in practice possible to attain an electrode width of 
approximately 200 to 300 //m. If a so-called RGB full colour display is 
produced, the total length of the so-called virtual colour pixel formed 
together by three adjacent basic colour pixels (red, green and blue) 
thus approaches 1 mm, which is too large to be suitable for high reso- 
lution displays. Furthermore, the drawbacks of the shadow masks 
include repetitive alignments and cleanings. By means of a prior art 
photolithography patterning it is possible to reach a resolution of under 
1 //m, but it has the drawback that manufacturing costs are high and it 
is poorly suited for roll-to-roll processes. Furthermore, the etching 
chemicals used in photolithography cause problems or prevent the 
combination of different process steps into a single entity. 

Thus, high resolution displays are typically implemented on a silicon 
substrate, on which it is possible to manufacture pixels of sufficiently 
small size by means of prior art techniques. However, it is difficult to 
lower the manufacturing costs of the silicon substrate displays to such 
a level which, in principle, may be attained by using organic materials 
in mass production. 



Fig. 6 shows an OLED pixel display implemented according to the 
invention. By utilizing the electrodes formed on different levels in the 
direction perpendicular to the plane of the substrate, i.e. in the vertical 
direction, by means of embossing, it is possible to increase the density 
of the electrode pattern significantly, which also enables a better pixel 
resolution than before. The advantage of electrode patterns embossed 
on two different levels becomes more apparent also in Figs. 9 to 1 1 
hereinafter. When the line width of the electrode pattern is for example 
in the order of 50 ^im, sufficient resolution is attained in the majority of 
embodiments, including colour displays. 

Thus, the present invention makes it possible to manufacture OLED 
pixels in such a manner that the pixel size is sufficiently small also for 
high resolution displays. Another significant advantage of the invention 
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is that it also enables the manufacture of OLED pixels In a roll-to-roll 
process, which considerably reduces the manufacturing costs of pixel 
displays in mass production. 

5 Manufacture of OFET components 

It is known as such that in organic field effect transistors based on thin 
films, one central requirement to be set for the manufacturing tech- 
nique is the capability to manufacture sufficiently small channel lengths 

10 between electrodes, which have a finger-like, structure and are 
arranged overlappingly with respect to each other. Fig. 7 is a SEM 
example image showing the structure of an OFET transistor, in which 
the overlapping finger-like Source and Drain electrodes S, D can be 
seen. In this context the channel of the field effect transistor is the area 

1 5 between the two adjacent fingers of these opposite electrodes, which 
has a certain length (distance between electrode fingers between 
opposite electrodes S, D) and width (distance within which the opposite 
electrodes S, D overlap). In view of the operation of the transistor, the 
ratio between the length and the width of the channel is an essential 

20 parameter. 

■ 

The current l D s between the OFET transistor and the Drain-Source 
electrodes can be estimated according to the formula (1 ) 

25 hs^Wos-V,? (1) 

C, = ^ (2) 

u 

ox 

30 

in which u = mobility of the charge carrier in the channel material 

Vqs = Gate-Source voltage 

Ci = specific capacitance of the insulating layer 

W = channel width 
35 L = channel length 
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V, = threshold voltage of the transistor 
d ox = thickness of the Insulating layer 
£ r = permittivity of the insulating material 
£o = permittivity in vacuum 

Fig. 8 shows, in principle, a cross-sectional view of the channel struc 
ture of an OFET transistor. 

Typically the mobility of the charge carriers of organic channel materi- 
als vary betweeo 10* and 0.1 cm 2 /Vs, while for silicon in crystal form it 
is considerably higher, in the order of 10 3 cm 2 /Vs. This restricts the cur- 
rent obtained from an organic transistor considerably in accordance 
with formula (1). On the other hand, the current is substantially 
dependent on the ratio of the width W and the length L of the transistor 
channel. The aim is to maximize this ratio W/L by producing for exam- 
ple electrodes patterned in a finger structure according to Fig 6 Fur- 
thermore, the size of the transistor affects the threshold voltage V, of 
the transistor in such a manner that the reduction of the size reduces 
the required threshold voltage. In many embodiments low threshold 
voltage levels are an essential requirement set for the transistor. 

It is a direct result of the foregoing aspects that the patterning of the 
Dram and Source electrodes must be implemented very accurately 
Furthermore, the quality of the patterning must be good, because even 
occasional shortcuts between the electrodes typically spoil the per- 
formance of the transistor. 

Known prior art methods based on photolithography and etching do in 
fact, enable accurate electrode patterning, but they are slow and 
expensive processes which require a number of different process 
steps. Thus, they are poorly suited for mass production, and in practice 
they are not suitable for roll-to-roll processes. 

There are other prior art methods suitable for the patterning of elec- 
trodes, such as the shadow mask technique, but generally it can be 
said that the methods by means of which it is possible to reach a reso- 
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lution of sufficiently high quality (in the order of 1^/m) in the length L of 
the channel are not suitable for mass production, and especially not for 
roll-to-roll processes. 

5 The solution according to the invention based on embossing, in turn, is 
suitable for implementing the Drain and Source electrodes necessary 
in OFET transistors also in mass production and as a roll-to-roll proc- 
ess. 

10 Referring to Fig. 8, a conductive layer on top of an insulating substrate 
material is first formed, for example of a metal (such as Al, Cu, Ag or 
Au), ITO, or of a conductive polymer (such as rr-PHT, regioregular 
poly(3-hexylthiophene)). The Source and Drain electrodes are formed 
in this conductive layer by embossing according to the invention. It 

15 should be noted that the dimensions L, W of the transistor channel are 
now directly defined by the pattern of this lowermost electrode layer. 
Thus, the application of the organic semiconductor layer on top of the 
electrodes, as well as the formation of the subsequent insulating layers 
and the formation of the Gate electrode are not as critical in view of 

20 their pressing accuracy. The organic semiconductor layer, the channel 
material, may be made for example of pentacene, or of a suitable 
oligotiophene compound. 

An insulating layer is implemented on top of the organic channel mate- 
25 rial, which insulating layer is typically made of Si0 2 , or dielectric poly- 
mer, such as polyester, PVP (poly-vinylphenol) or PMMA. The pat- 
terning of the insulating layer does not affect the dimensions L, W of 
the transistor channel any more, whereby the accuracy requirements in 
the manufacture of the same are less strict. However, the thickness of 
30 the insulating layer is an essential factor in view of the function of the 
transistor, as shown by formula (2). The insulating layer must be as 
thin as possible, but it must not contain holes or the like that make 
shortcuts possible. The insulating layer may typically be implemented 
for example by means of vacuum evaporation, sputtering or pressing. 

35 
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A Gate electrode of a suitable material, for example metal (such as Al, 
Cu), conductive graphite or metal particle ink, or conductive polymer, 
such as polyaniline, is also implemented on top of the insulating layer! 
This stage is no longer so critical in view of the pressing accuracy, 
5 because the dimensions of the transistor channel have been deter- 
mined already in connection with the electrode pattern of the lowermost 
conductive layer. 

On the basis of the foregoing, it is obvious that the use of embossing 
3 according to the invention in the manufacture of OFET components is 
advantageous because by means of this method it is possible to pat- 
tern the lowermost, and in view of the properties of the transistor the 
most important conductive layer very accurately. After the implementa- 
tion of the Drain and Source electrode pattern of the lowermost con- 
> ductive layer, there are considerably more degrees of freedom in the 
implementation of the subsequent layers, because it is now possible to 
allow a certain degree of inaccuracy for them without substantially 
affecting the performance of the transistor. 

Figs 9 to 1 1 show in more detail some possibilities for the structures of 
the OFET transistor made by means of embossing. These figures also 
show how the invention enables accurate and small channel lengths L 
by utilizing the vertical direction of the substrate in a new way. 

Fig. 9 shows, in principle, a narrow electrode separated from the con- 
ductive layer (for example ITO, aluminium, or conductive polymer) on a 
lower level by embossing according to the invention, the electrode 
being on top of an insulating substrate, and which electrode may func- 
tion as a basis for the transistor structures shown in Figs 10 and 11. 
According to the figure, the width of said electrode may be in the order 
of 1 to 50 urn. It is obvious that depending on the embodiment, it is also 
possible to utilize only the conductive layer remaining on top of the 
substrate on the original level, wherein the part of the conductive layer 
shown in Fig. 9, separated from said level to a lower vertical plane is 
not at all utilized as an electrode. The situation may also be opposite, 
wherein only the electrode lower in the vertical direction is taken in use. 
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Fig. 10 shows in principle a field effect transistor implemented on top of 
the structure according to Fig. 9, in which the aforementioned electrode 
separated from the conductive layer operates as a Gate electrode. 

5 There is an insulating layer on top of the Gate electrode, and on top of 
said insulating layer there is further an organic semiconductor layer 
that fills the recess made by embossing. In this case both the conduc- 
tive layer and the passive insulating layer on top of the same, produced 
for example by vacuum growing, may be embossed simultaneously. 

10 The contacts for Source and Drain electrodes are made for example of 
aluminium on top of the electrodes patterned on both sides of the 
aforementioned recess. The contact point of the Gate electrode may be 
produced in a similar way next to the transistor structure by wiring a 
suitable area for the electrode. In the structure of Fig. 10, the distance 

15 between the Source and Gate electrodes becomes equal to the length 
L of the channel, which in this example is in the order of 5 urn. 

* 

Figure 1 1 shows yet another alternative for the structure of the field 
effect transistor. In this case the electrode separated from the conduc- 

20 tive layer by means of embossing operates as a Source electrode on 
top of which a vertical recess is embossed, in which recess an organic 
semiconductor is formed and on top of the same a Gate electrode. The 
Drain electrode is formed by a conductive layer remaining on the upper 
vertical level on the surface of the substrate. It is an advantage of the 

25 invention that the length L of the transistor channel is now determined 
according to the vertical embossing depth. Thus, it can be controlled 
very accurately by means of the relief of the pressing block used in the 
embossing. This also makes channels lengths of under 1 urn, for ex- 
ample in the order of 500 nm, possible. 

30 

Figure 12 shows another alternative for the structure of the field effect 
transistor. In this case, the portion of the conductive layer embossed on 
the lower vertical level, which in the solution according to Fig. 11 oper- 
ates as a Source electrode, is not electrically coupled as an electrode 
35 at all, but the Drain and Source electrodes are now both arranged on 
the upper vertical level on different sides of the embossed recess filled 
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by the semiconductor channel material. In the solution of Fig 12 the 
effective channel length is a length in the order of 2 x 1 urn because 
the current between the Source and Drain electrodes circulates 
according to the arrows shown with broken lines in the figure via said 
electrically floating electrode located on the lower level. It is a special 
advantage of this structure that slight ruptures or other flaws possibly 
produced in said floating electrode in connection with the embossing of 
the conductive layer do not necessarily affect the operation of the tran- 
sistor. 



The example structures shown in principle in Figs 10 to 12 make the 
significant advantages attained by means of the electrode pattern 
based on embossing of the first conductive layer, according to the 
invention, clearly apparent for anyone skilled in the art. Accurate elec- 

15 trade pattern of the first conductive layer provides clear process 
advantages which are significant in view of the mass production of the 
components. When the electrode pattern of the first conductive layer is 
implemented with a sufficient accuracy both in the vertical and hori- 
zontal directions, it is now possible to combine the implementation of 

20 the subsequent layers by means of prior art methods that might be 
slightly less accurate, but well suited for mass production, without 
reducing the performance of the components. On the other hand, in 
connection with the embossing of the lowermost conductive layer it is 
at the same time possible to form other upper passive (insulating) or 
25 active layers. 

It is, of course, obvious that the invention is not limited solely to the 
embodiments presented in the previous examples, but the invention is 
to be interpreted only according to the limitations set by the appended 
30 claims. Thus, the invention is not restricted solely for example to the 
manufacture of the above-described components, but by means of the 
invention it is possible to manufacture for example solar cells or photo- 
cells. To manufacture active matrix displays it is possible to combine 
both OFET and OLED structures on the same substrate 

35 
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In addition to the above-described process stages it is possible to use 
other process stages in connection with the invention, when required, 
for example to implement the insulation and fitting layers between dif- 
ferent material layers. Furthermore, it is possible to utilize for example 
RIE etching (Reactive Ion Etching) or other plasma treatment to clean 
the embossed conductive layer or the other layers formed simultane- 
ously, or the clean the cutting traces before implementing the subse- 
quent layers. 



